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Background:  Until  the  introduction  of  arthroscopic-assisted  surgery  for  rotator  cuff  repair,  the
frequency of  subscapularis  tears  was  underestimated.  These  tears  remain  challenging  to  treatPreliminary  results even with  arthroscopy.  The  absence  of  a  speciﬁc  classiﬁcation  system  has  hampered  commu-
nication about  the  treatment  and  outcomes  of  the  various  types  of  subscapularis  tears.  The
objective of  this  prospective  multicentre  study  was  to  validate  the  relevance  of  arthroscopic
subscapularis  tendon  repair  based  on  an  assessment  of  short-term  outcomes  according  to  the
initial extent  of  the  anatomic  lesions.
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Methods:  A  prospective  multicentre  study  sponsored  by  the  French  Society  for  Arthroscopy  was
conducted from  March  2010  to  January  2011  in  208  patients  with  subscapularis  lesions  that
were either  isolated  or  associated  with  limited  anterosuperior  tears.  The  Constant  and  UCLA
scores were  used  to  assess  clinical  outcomes.  Anatomic  and  prognostic  results  were  evaluated
based on  the  physical  examination,  preoperative  and  postoperative  imaging  study  ﬁndings,  and
anatomic  lesions.  Clinical  data  were  available  for  103  patients  after  at  least  1  year  of  follow-up
and radiological  data  for  129  patients  after  at  least  6  months.
Results:  The  preliminary  clinical  results  in  103  patients  with  at  least  1  year  of  follow-up  showed
overall statistically  signiﬁcant  improvements  in  the  Constant  and  UCLA  scores,  with  resolution
of the  clinical  manifestations.  The  degree  of  improvement  seemed  to  increase  over  time.  The
clinical results  varied  signiﬁcantly  across  patient  groups  based  on  a  classiﬁcation  system  distin-
guishing four  lesion  types.  Postoperative  imaging  studies  to  assess  the  anatomic  results  in  all
patients with  at  least  6  months  of  follow-up  (n  =  129)  showed  tendon  healing  in  92%  of  cases  but
also indicated  muscle  wasting  of  the  upper  subscapularis  muscle  in  18.6%  of  cases  and  increased
fatty degeneration  of  the  muscle  belly.
Discussion:  Our  study  conﬁrms  the  good  clinical  and  radiological  results  reported  in  the  liter-
ature. Our  classiﬁcation  system  distinguishing  four  lesion  patterns  was  applicable  during  the
imaging workup.  The  main  ﬁnding  from  this  classiﬁcation  system  was  the  difference  in  results
between Type  2  and  Type  3  lesions.  The  trend  towards  improvements  over  time  requires  conﬁr-
mation by  longer-term  studies,  which  will  also  have  to  establish  that  the  increased  wasting  of
the upper  subscapularis  muscle  and  fatty  degeneration  of  the  muscle  belly  have  no  adverse
effects.
Level of  evidence:  Level  3.























































ubscapularis  tendon  tears  were  long  considered  uncom-
on,  with  an  estimated  frequency  of  3.5  to  8%  among  all
otator  cuff  lesions  in  a  study  by  Deutsch  et  al.  [1].  Chal-
enges  with  visualising  these  tears  on  preoperative  imaging
tudies  and  during  surgery  resulted  in  substantial  under-
stimation  [2,3]. The  introduction  of  shoulder  arthroscopy
mproved  the  diagnosis  of  subscapularis  tendon  tears,  which
ccounted  for  37%  of  all  rotator  cuff  tears  in  a  study  by
aravaglia  et  al.  [4].  Arthroscopic  repair  of  subscapularis
endon  tears  was  described  initially  by  Burkhart  et  al.  [5,6]
nd  subsequently  by  Lafosse  et  al.  [7],  who  also  developed
he  ﬁrst  classiﬁcation  system  for  these  lesions.
The  objective  of  this  prospective  multicentre  study  was
o  validate  the  relevance  of  arthroscopic  repair  of  subscapu-
aris  lesions  based  on  short-term  results,  according  to  the
xtent  of  the  initial  anatomic  lesions.
aterials and methods
 prospective  multicentre  study  sponsored  by  the  French
ociety  for  Arthroscopy  (Société  franc¸aise  d’arthroscopie
SFA])  was  conducted  in  11  centres  in  10  French  cities
Annecy,  Cambrai,  Dunkerque,  Grenoble,  Lille,  Libourne,
yon,  Nice,  Paris,  and  Strasbourg).  Patients  were  included
etween  March  2010  and  January  2011.  Inclusion  criteria
ere  presence  of  a  subscapularis  tendon  tear  that  was  iso-ated  or  accompanied  with  either  an  Ellman  grade  1  to  3
artial-thickness  supraspinatus  tear  [8]  or  a  stage  1  full-
hickness  supraspinatus  tear.  All  other  lesions,  as  well  as
ecurrent  rotator  cuff  tears,  were  excluded.
a
r
SIn each  study  patient,  the  preoperative  imaging  workup
onsisted  in  computed  tomography  (CT)-arthrography,  mag-
etic  resonance  imaging  (MRI),  or  MR-arthrography.  The
reoperative  images  were  compared  to  a  standardised
escription  of  the  lesions  found  during  arthroscopic  explo-
ation.
Healing  of  the  subscapularis  tendon  was  assessed  using
riteria  derived  from  those  developed  by  Suguya  et  al.
or  the  supraspinatus  tendon  [9—11]. Stage  1 was  a  nor-
al  appearance  with  low  signal  on  T2  images,  stage  2  was
endinopathy  with  high  signal  on  T2  images,  stage  3  was  an
t  least  50%  decrease  in  tendon  thickness,  stage  4  was  a  tear
ithout  extensive  separation  of  the  tendon  from  the  lesser
uberosity  of  the  humerus,  and  stage  5  was  extensive  separa-
ion  from  the  lesser  tuberosity.  Muscle  volume  was  evaluated
n  Y  views  using  the  criteria  of  Zannetti  et  al.  [12]  and  fatty
egeneration  of  the  muscles  using  the  criteria  of  Bernageau
t  al.  [13].
We  included  208  patients  and  arbitrarily  divided  them
nto  two  groups.  One  group  (subscapularis-only  group,  Sub;
 =  81)  comprised  the  patients  with  isolated  subscapularis
ears  (n  =  52)  or  with  subscapularis  tears  and  Ellman  1
upraspinatus  tears  (n  =  29).  The  other  group  (subscapularis
nd  supraspinatus  group,  Sub  +  Sup;  n  =  127)  was  composed
f  patients  with  subscapularis  tears  and  supraspinatus  tears
lassiﬁed  as  Ellman  2  (n  =  28),  Ellman  3  (n  =  11),  or  full-
hickness  (n  =  88).  Mean  patient  age  was  58.4  years  (range,
7—81  years).  Males  comprised  66%  of  the  population  and
emales  34%.  The  right  shoulder  was  involved  in  72%  of  cases
nd  the  left  shoulder  in  28%.The  tear  was  ascribed  to  a  single  trauma  in  50%  of  cases,
epeated  trauma  in  9%,  and  degenerative  disease  in  41%.
lightly  over  two-thirds  of  patients  were  employed  (69  vs.
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Table  1  Overall  comparison  of  mean  preoperative  and  postoperative  Constant’s  score  values  in  the  group  with  isolated  or  very
predominant subscapularis  tears  (Sub  group)  and  in  the  group  with  both  subscapularis  and  supraspinatus  tears  (Sub  +  Sup  group).


















































fSub +  Sup  group  (n  =  68)  50.7  77.9  
31%  retired)  and  in  23%  of  patients  the  shoulder  lesion  was
recognised  as  an  occupational  disorder  or  workplace  injury.
Among  employed  patients,  40%  had  heavy  manual  jobs,  40%
light  manual  jobs,  and  20%  sedentary  jobs.
During  the  preoperative  and  postoperative  physical
examinations,  patients  performed  the  Gerber  lift-off  test
[14], belly-press  test  [15], and  bear-hug  test  [16]. The
supraspinatus  tendon  was  evaluated  using  the  Jobe  manoeu-
vre  and  palm-up  test.  Function  was  assessed  preoperatively
and  postoperatively  based  on  the  Constant  score  and  UCLA
score.
Subscapularis  lesions  were  described  by  examining  not
only  the  attachment  of  the  deep  aspect  of  the  subscapularis
tendon  on  the  lesser  tuberosity  of  the  humerus  [17,18],  but
also  the  bicipital  sling  and  its  anterior  wall,  which  is  an  inte-
gral  part  of  the  subscapularis  attachment  site  and  is  shared
by  the  rotator  interval  and  sheath  surrounding  the  long  head
of  biceps  tendon  (LHBT),  as  established  by  several  recent
anatomic  studies  [19,20].  The  comma  sign  described  by  Lo
and  Burkhart  [21]  was  noted  if  present,  as  well  as  coracoid
process  impingement  [22,23].  We  classiﬁed  the  subscapu-
laris  lesions  into  the  four  types  described  below.
Type  1  (n  =  18),  isolated  and  often  partial  separation  of
the  subscapularis  tendon  ﬁbres  from  the  lesser  tuberosity
with  a  normal  bicipital  sling,  regardless  of  the  appearance
of  the  LHBT.
Type  2  (n  =  93),  separation  of  the  subscapularis  tendon
ﬁbres  from  the  lesser  tuberosity  and  partial  tear  in  the  bicip-
ital  sling  without  involvement  of  the  anterior  LHBT  pulley  or
tendinous  slip  [3].  The  probe  introduced  through  the  partial
sling  tear  (consisting  very  often  in  a  cleft  in  the  anterior
wall)  can  lift  the  superﬁcial  subscapularis  layer  separated
from  the  lesser  tuberosity.
Type  3  (n  =  47),  complete  separation  of  the  subscapu-
laris  tendon  ﬁbres  from  the  lesser  tuberosity  and  complete
tear  in  the  anterior  wall  of  the  bicipital  sling.  The  ante-
rior  LHBT  pulley  is  normal,  distended  or,  rarely,  completely
torn.  In  this  group,  tendon  retraction  is  minor  because
the  superﬁcial  tendon  layer  is  normally  attached  to  the
bicipital  sling  and  connected  to  the  superﬁcial  ﬁbres  of
the  supraspinatus  (superﬁcial  layer  of  the  rotator  interval,
which  produces  the  comma  sign  after  separation  from  the
bony  structures).
Type  4  (n  =  49),  complete  separation  of  the  subscapu-
laris  tendon  ﬁbres  from  the  lesser  tuberosity  leaving  a  free
edge  that  can  remain  continuous  with  the  ﬁbrous  scar  tissue
attached  either  to  the  humerus  or  to  the  subacromial  bursa.
The  degree  of  retraction  varies  but  the  stump  may  reach  the
level  of  the  glenoid  labrum.  At  this  stage,  the  comma  sign
is  readily  identiﬁed  and  connects  the  subscapularis  to  the
supraspinatus  if  this  last  is  torn.
M
r
e63.2  63.2  <  0.001
In a  single  patient,  the  lesion  could  not  be  classiﬁed  into
ne  of  the  four  types,  despite  a  review  of  the  video  recor-
ing  by  a  group  of  experts.  Reducibility  and  reduction  of  the
ubscapularis  tendon  to  the  lesser  tuberosity  were  assessed
ased  on  individualisation  of  the  free  lateral  edge  of  the
ubscapularis  combined  with  the  comma  sign.  The  subscapu-
aris  tear  was  diagnosed  preoperatively  in  76%  of  cases  and
ntraoperatively  in  24%  of  cases.
Give  the  absence  in  the  literature  of  a  consensus
egarding  the  best  treatment  strategy  [24], treatment  deci-
ions  were  left  to  discretion  of  the  operating  surgeon.
bstention  or  simple  debridement  was  chosen  in  17  patients
ith  Type  1  or  Type  2  lesions  and  supraspinatus  tears.  The
emaining  191  (92%)  patients  underwent  surgical  repair  of
he  subscapularis  tendon.
For  the  arthroscopic  procedure,  196  patients  were  in  the
each  chair  position  and  12  in  lateral  decubitus.  Posterior
nd  anterolateral  portals  were  used  for  the  arthroscope,
ogether  with  portals  for  the  instruments,  which  were  usu-
lly  anterior  and  less  often  anterolateral.  For  Type  1  lesions,
epair  was  performed  almost  entirely  with  the  arthroscope
n  the  posterior  portal.  Type  4  lesions,  in  contrast,  required
hanging  the  arthroscope  portal  to  enable  complete  release
nd  repair  of  the  lower  part  of  the  lesion.  Tendon  release
a  key  step  of  the  procedure  — involved  dissecting  the
oracoid  process  and  the  tendinous  connection  linking  the
ubscapularis  and  supraspinatus  tendons  (the  comma  sign).
his  connection  must  be  preserved,  as  it  constitutes  a  major
andmark  for  cuff  repair  and  a  strong  structure  that  serves
s  an  anchor  for  the  repair  construct.
A  single-row  technique  was  used  in  70%  of  cases  [25]  and
 double-row  technique  in  30%  [26]. Single-row  repair  was
erformed  for  77%  of  Type  1  and  Type  2  lesions,  72%  of  Type
 lesions,  and  only  44%  of  Type  4  lesions.  Most  of  the  Type
 lesions  were  repaired  using  a  double-row  technique.  The
umber  of  anchors  varied  from  1  to  4  depending  on  the
xtent  of  the  lesion  and  type  of  repair  procedure.
The  LHBT  was  tenotomized  in  all  cases.  Tenodesis  was
erformed  in  66%  of  cases.
Strategies  for  the  supraspinatus  tears  were  as  follows:
bstention,  24%  of  cases;  simple  debridement,  5%  (Ellman
 and  2  lesions);  and  repair  in  71%  (of  which  the  62%  with
llman  3  or  full-thickness  lesions  were  repaired  using  a  dual-
ow  technique).  Acromioplasty  was  performed  in  198  (95%)
ases.
We  report  the  1-year  clinical  outcomes  in  the  ﬁrst  103
atients  and  the  imaging  study  results  in  129  patients  with
ollow-up  of  at  least  6  months.  Imaging  studies  consisted  of
RI  in  112  cases  and  CT-arthrography  in  17  cases.  Anatomic
esults  were  evaluated  using  criteria  developed  by  Sugaya
t  al.  [9—11]  and  clinical  results  using  a  thorough  clinical
S196  B.  Toussaint  et  al.
Table  2  Comparison  of  the  preoperative,  postoperative  pain  and  activities  of  daily  living  Constant  score  items  in  the  group
with isolated  or  very  predominant  subscapularis  tears  (Sub  group)  and  in  the  group  with  both  subscapularis  and  supraspinatus
tears (Sub  +  Sup  group).


























(n  =  35)
4.7  13.1  8.5  17.5  27.6  33.7  7.5  10.9  <  0.001
Sub +  Sup  group
(n  =  68)
5.3  13.7  9  18.5  29  36.6  6.8  11.7  <  0.001
ADL: activities of daily living; ROM: range-of motion.
Table  3  Comparison  of  the  preoperative  and  postoperative  range-of-motion  Constant  score  items  in  the  group  with  isolated
or very  predominant  subscapularis  tears  (Sub  group)  and  in  the  group  with  both  subscapularis  and  supraspinatus  tears  (Sub  +  Sup
group).

























Sub  group  145  164  136.1  149.4  45  54  4  6.2  <  0.001




































tFE: forward elevation; Abd: abduction; ER: external rotation; IR: 
xamination  of  the  shoulder  and  Constant  score  determina-
ion.
The  statistical  analysis  was  performed  by  a  statistician
ho  was  not  among  the  clinicians  who  assessed  the  results.
he  Chi2 test  was  used  to  compare  qualitative  variables  and
he  paired  t  test  to  compare  quantitative  variables.  To  per-
orm  within-patient  comparisons,  the  data  analysis  included
nly  patients  for  whom  both  preoperative  and  postopera-
ive  data  were  available.  P  values  lower  than  0.05  were
onsidered  signiﬁcant.
esults
verall,  61.8%  of  patients  were  re-evaluated,  43%  (35/81)
n  the  group  with  isolated  or  very  predominant  subscapu-
aris  lesions  (Sub  group)  and  77%  (68/88)  in  the  group  with
ubscapularis  and  supraspinatus  lesions  (Sub  +  Sup  group).
o  signiﬁcant  differences  were  found  between  these  two
roups  for  age,  sex,  dominant  hand,  or  traumatic  versus
egenerative  aetiology.  Occupational  disorders  and  work-




Table  4  Comparison  of  Constant  score  items  between  patients  
very predominant  subscapularis  tears  (Sub  group).
Sub  group Constant  Pain  ADL  
Type  2 80  13  19  
Type 3  70  10  15  
ADL: activities of daily living; ER: external rotation.nal rotation.
linical  outcomes
onstant’s  score  improved  between  the  preoperative  eval-
ation  and  last  follow-up  in  both  groups  (Table  1),  from
8.3  to  74.1  in  the  Sub  group  and  from  50.7  to  77.9  in
he  Sub  +  Sup  group  (P  <  0.001).  The  individual  items  used
n  Constant’s  score  also  improved  signiﬁcantly  (P  <  0.001).
ables  2  and  3  report  the  changes  in  pain,  activities  of  daily
iving,  and  range-of  motion.  Mean  Constant’s  score  at  last
ollow-up  was  signiﬁcantly  better  in  the  Sub  +  Sup  group  than
n  the  Sub  group  (77.9  vs.  74.1)  and  the  difference  was
articularly  noticeable  for  the  range-of-motion  score  (36.6
s.  33.7).  Comparisons  across  lesion  types  showed  a  signif-
cant  difference  only  for  Type  2  vs  Type  3  in  the  Sub  group
Table  4).  No  signiﬁcant  differences  were  found  between
ype  3  and  Type  4  in  the  Sub  group  or  across  any  of  the
ypes  in  the  Sub  +  Sup  group.
The  UCLA  score  improved  postoperatively  compared  to
he  preoperative  assessment  in  both  groups,  from  14.6  to
0.2  in  the  Sub  group  and  from  14.3  to  32.6  in  the  Sub  +  Sup
roup  (Table  5).
The  clinical  subscapularis  tests  also  improved  signiﬁ-
antly  (Table  6).
with  Type  2  and  Type  3  lesions  in  the  group  with  isolated  or
Active  ER  Strength  P  value
61  13  <  0.001
48  9
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Table  5  Changes  in  the  UCLA  score  between  the  preopera-
tive and  postoperative  evaluations  in  the  group  with  isolated
or very  predominant  subscapularis  tears  (Sub  group)  and  in
the group  with  both  subscapularis  and  supraspinatus  tears
(Sub  +  Sup  group).






(n  =  35)
14.6  30.2  <  0.001
Table  7  Inﬂuence  of  fatty  degeneration  of  the  subscapu-
laris muscle  on  Constant  score  values  in  the  group  with  both
subscapularis  and  supraspinatus  tears  (Sub  +  Sup  group).
Fatty  degeneration  (FD)  Constant  ROM  Strength
FD  <  2 84 38 13






reports  Sugaya  stages  according  to  initial  lesion  type  and
to  whether  the  tear  involved  all  or  part  of  the  footprint
height.  Healing  was  poorer  in  patients  with  more  exten-
sive  initial  lesions  (with  progression  from  Type  1  to  TypeSub +  Sup  group
(n  =  68)
14.3  32.6  <  0.001
Complete  separation  of  the  subscapularis  was  associated
with  lower  Constant  scores  in  both  groups  (P  <  0.001).  Pre-
operative  fatty  degeneration  of  the  subscapularis  was  not
associated  with  the  results  in  the  Sub  group,  whereas  in  the
Sub  +  Sup  group  fatty  degeneration  stage  2  or  higher  was
associated  with  poorer  results  (Table  7).  Fatty  degenera-
tion  of  the  supraspinatus  had  no  inﬂuence  on  the  results.  In
contrast,  after  exclusion  of  recurrent  tears  the  fatty  degen-
eration  score  worsened,  and  stage  3  or  4  fatty  degeneration
was  seen  in  11  cases  postoperatively  versus  none  preop-
eratively  (P  <  0.001)  (Fig.  1).  The  concomitant  presence  of
a  full-thickness  supraspinatus  tear  was  signiﬁcantly  associ-
ated  with  the  risk  of  postoperative  fatty  degeneration  of  the
subscapularis  muscle  (P  =  0.02269).
The  differences  in  sample  sizes  for  each  surgical  tech-
nique  prevented  us  from  demonstrating  that  one  technique
was  signiﬁcantly  better  than  the  others.  Immobilisation  with
an  abduction  pad  was  associated  with  better  clinical  results
than  keeping  the  elbow  at  the  side.
Imaging  study  resultsImaging  study  results  were  evaluated  in  129  patients  with  at






Table  6  Changes  in  subscapularis  clinical  test  results  between  t
with isolated  or  very  predominant  subscapularis  tears  (Sub  group)
tears (Sub  +  Sup  group).














Sub  group  17  11  9  6  
Sub +  Sup  group  19  1  27  3  
Bear-hug test
Sub  group  12  0  31  3  
Sub +  Sup  group  9  1.5  43  1.5  
Belly-press test
Sub  group  0  0  17  3  
Sub +  Sup  group  1  0  25  4  P value  0.0027  0.014  0.0018
ROM: range-of motion.
At  last  follow-up,  recurrent  tears  were  seen  in  10  (8%)
atients,  including  one  with  a  stage  4  tear  and  nine  with
tage  5  tears;  initial  stages  were  four  in  ﬁve  cases,  three  in
hree  cases,  and  one  in  one  case.  The  subscapularis  ten-
on  was  normal  in  41  (31%)  patients  and  showed  stage
 tears  in  52  and  stage  3  tears  in  26  patients.  Table  8igure  1  Change  in  subscapularis  fatty  degeneration  between
he preoperative  and  postoperative  evaluations.  The  X-axis
hows the  number  of  patients  and  the  Y-axis  the  degree  of  fatty
egeneration  according  to  Goutallier  et  al.  [13].
he  preoperative  and  postoperative  evaluations  in  the  group
 and  in  the  group  with  both  subscapularis  and  supraspinatus













57  29  17  54  <  0.001
35  25  19  71
40  44  17  53  <  0.001
35  26  17  71
60  37  23  60  <  0.001
50  18  24  78
S198  B.  Toussaint  et  al.
Table  8  Healing  of  the  subscapularis  tendon  according  to  anatomic  lesion  type  and  vertical  lesion  extent.










Lesion  type  1  2  3  4  1  2  3  4  1  2  3  4  1  2  3  4





































pComplete 0  7  6  3  0  6  12
,  P  =  0.0118),  involvement  of  the  entire  footprint  height
P  =  0.00374),  preoperative  subscapularis  fatty  degeneration
P  =  0.0175),  and  tendon  retraction  (P  =  0.01639).  No  signiﬁ-
ant  effect  was  found  for  other  factors  (age,  circumstances
f  onset,  time  to  treatment,  full-thickness  supraspinatus
ear,  type  of  repair  construct,  and  type  and  duration  of
mmobilisation).
The  presence  of  muscle  wasting  was  associated  with
nitial  lesion  type  in  our  classiﬁcation  system  (P  =  0.034)
nd  reducibility  prior  to  surgical  release  (P  =  0.000022).  The
ear-hug  test  was  the  only  clinical  parameter  associated
ith  muscle  wasting  (P  =  0.015).
iscussion
ur  study  conﬁrms  published  epidemiological  evidence  that
solated  and  severe  subscapularis  tears  predominantly  affect
ales  and  that  they  are  more  often  related  to  trauma  and
ccur  at  a  younger  age  than  other  types  of  subscapularis
ears  [1,15,27—31]. We  found  no  signiﬁcant  associations
ndicating  that  the  natural  history  of  subscapularis  tears  pro-




Table  9  Results  in  the  main  published  case-series  studies.
Author Year  Number
of  cases
Mean  ag
Gerber,  [29,32]  1991/1996  16  51  
Nové-Josserand,  [33]  1994  21  57.1  
Warner, [14]  1994  13  51  
Deutsch, [1]  1997  13  39  
Walch, [34]  1999  95  57  
Burkhart, [5]  2002  25  60.7  
Fox, [35]  2003  14  56  
Bennet, [15] 2003  47  56.8  
Edwards, [28] 2005 84  53.2  
Kreuz, [36]  2005  29  54  
Kreuz, [37]  2005  34  51  
Edwards, [24]  2006  11  64  
Flury, [38]  2006  63  60  
Lafosse [31]  2007  17  47  
Adams, [39]  2008  40  66  
Bartl, [40]  2011  30  43.1  
Garavaglia,  [4]  2011  129  56  
Bartl, [41]  2011  21  43  
Nové-Josserand,  [42]  2012  35  54.7  
Notre série  2011  103  58.4  
Arthrosc.: arthroscopic repair; Open: open surgical repair; Mixed: open
the long head of biceps tendon.13  1  4  7  8  0  0  3  6
esulted  immediately  in  Type  4  lesions,  in  some  cases  with-
ut  damage  to  the  bicipital  sling.  The  preoperative  imaging
tudies  were  effective  in  predicting  the  nature  of  the  lesions
ound  during  surgery.
The  healing  rate  was  92%  overall  and  ranged  across  lesion
ypes  from  70%  to  95%,  in  keeping  with  previously  pub-
ished  data  (Table  9).  Despite  the  predominance  in  our
opulation  of  Type  3  and  Type  4  lesions,  our  results  conﬁrm
he  previously  reported  reliability  of  arthroscopic  treatment
3,5,7,15,30,31,43].
We  believe  the  good  postoperative  outcomes  are  ascrib-
ble  to  improved  knowledge  of  rotator  cuff  anatomy,  which
llows  a more  comprehensive  exploration  and  therefore  a
etter  evaluation  of  the  lesions.  With  our  classiﬁcation  sys-
em,  207  of  208  patients  were  classiﬁable,  compared  to  only
1%  of  patients  with  the  classiﬁcation  system  devised  by
afosse  et  al.  [7].  The  classiﬁcation  systems  developed  by
ox  et  al.  [35]  and  Garvaglia  et  al.  [4]  do  not  allow  a  com-
lete  description,  because  they  fail  to  take  into  account  the
icipital  sling  lesions.
Bicipital  sling  lesions  are  important  to  take  into  account
n  order  to  establish  the  prognosis.  Indeed,  outcomes  dif-
ered  signiﬁcantly  in  our  study  between  Type  2  and  Type  3
e  Isolated  Combined
lesions
Technique  Results  (%)
16  —  Open  92
21  —  Open  —
13  —  Open  90
6  7  Open  95
—  95  Mixed  81
8  17  Arthros.  92
14  —  Arthros.  80
8  39  Arthros.  90
—  84  Open  74
14  15  Arthros.  90
16  18  Open  70
11  —  Tenotomy  82
31  32  Open  87
17  —  Arthros.  88
7  33  Arthros.  80
30  —  Open  93
5  124  Arthros.  —
21  —  Arthros.  95
35  —  Mixed  87.5
34  68  Arthros.  92

















[Arthroscopic  repair  of  subscapularis  tears  
lesions.  Another  important  factor  was  the  vertical  extent  of
the  separation,  with  complete  separation  along  the  entire
footprint  height  being  associated  with  a  lower  rate  of
anatomical  healing.  In  contrast,  the  concomitant  presence
of  a  supraspinatus  tear  did  not  alter  the  results.
Our  results  support  subscapularis  tendon  repair  in
patients  with  Type  2  to  5  lesions.  In  contrast,  Edwards
et  al.  [24]  advocated  isolated  tenodesis  or  tenotomy  of
the  LHBT.  For  Type  1  and  Type  2  lesions,  the  small  num-
ber  of  conservatively  treated  patients  prevented  us  from
demonstrating  that  surgical  treatment  produced  superior
results.
The  postoperative  imaging  studies  consistently  visualised
wasting  of  the  upper  part  of  the  subscapularis  muscle.  To  our
knowledge,  this  ﬁnding  has  not  been  described  previously.
The  muscle  wasting  correlated  signiﬁcantly  with  lesion  type,
tendon  retraction  and  reducibility  prior  to  surgical  release,
and  changes  in  the  bear-hug  test  at  the  postoperative  evalu-
ation.  Furthermore,  fatty  degeneration  of  the  subscapularis
muscle  belly,  independently  from  the  above-described  mus-
cle  wasting,  seemed  to  progress  over  time  even  when  tendon
healing  was  achieved.  Fatty  degeneration  did  not  signiﬁ-
cantly  affect  the  clinical  outcomes.
Our  study  has  two  main  weaknesses.  First,  follow-up
clinical  data  were  available  for  only  49.5%  of  patients  and
follow-up  imaging  study  data  for  59%.  These  rates  are  ascrib-
able  to  the  follow-up  durations  chosen  for  our  study.  They
limit  the  general  relevance  of  our  data,  although  our  sam-
ple  size  is  among  the  largest  to  date,  together  with  that  of
the  study  by  Garvaglia  et  al.  [4].  Second,  follow-up  was  only
6  months  for  the  imaging  study  outcomes  and  1  year  for  the
clinical  outcomes.  We  will  continue  to  monitor  the  cohort,
most  notably  to  verify  that  no  deterioration  in  the  clinical
outcomes  occurs  over  time,  with  or  without  an  increase  in
the  rate  of  secondary  tears  in  the  repaired  tendon.
Disclosure of interest
The  authors  declare  that  they  have  no  conﬂicts  of  interest
concerning  this  article.
References
[1] Deutsch A, Altchek DW, Veltri DM, Potter HG, Warren RF. Trau-
matic tears of the subscapularis tendon. Clinical diagnosis,
magnetic resonance imaging ﬁndings, and operative treat-
ment. Am J Sports Med 1997;25:13—22.
[2] Bennett WF. Subscapularis, medial, and lateral head cora-
cohumeral ligament insertion anatomy: arthroscopic appear-
ance and incidence of ‘‘hidden’’ rotator interval lesions.
Arthroscopy 2001;17:173—80.
[3] Ticker JB, Burkhart SS. Why repair the subscapularis? A logical
rationale. Arthroscopy 2011;27(8):1123—8.
[4] Garavaglia G, Ufenast H, Taverna E. The frequency of subscapu-
laris tear in arthroscopic rotator cuff repair: a retrospective
study comparing magnetic resonance imaging and arthroscopic
ﬁndings. Int J Shoulder Surg 2011;5(4):91—4.
[5] Burkhart SS, Tehrany AM. Arthroscopic subscapularis ten-
don repair: technique and preliminary results. Arthroscopy
2002;18(5):454—63.
[6] Burkhart SS, Brady PC. Arthroscopic subscapularis repair: sur-
gical tips and pearls A to Z. Arthroscopy 2006;22(9):1014—27.
[S199
[7] Lafosse L, Jost B, Reiland Y, Audebert S, Toussaint B, Gobezie
R. Structural integrity and clinical outcomes after arthroscopic
repair of isolated subscapularis tears. J Bone Joint Surg Am
2007;89(6):1184—93.
[8] Ellman H. Diagnosis and treatment of incomplete rotator cuff
tears. Clin Orthop Relat Res 1990;254:64—74.
[9] Sugaya H, Kon Y, Matsuki K, Fujita K, Tsuchiya A. Arthro-
scopic rotator cuff repair using a single-row ﬁxation method: Its
clinical outcome and postoperative MRI ﬁndings [in Japanese].
Shoulder Joint (Katakansetsu) 2003;27:233—6.
10] Sugaya H, Maeda K, Matsuki K, Moriishi J. Functional and
structural outcome after arthroscopic full-thickness rotator
cuff repair: single-row versus dual-row ﬁxation. Arthroscopy
2005;21(11):1307—16.
11] Sugaya H, Maeda K, Matsuki K, Moriishi J. Repair integrity and
functional outcome after arthroscopic double-row rotator cuff
repair. J Bone Joint Surg Am 2007;89:953—60.
12] Zanetti M, Gerber C, Hodler J. Quantitative assessment of the
muscles of the rotator cuff with magnetic resonance imaging.
Invest Radiol 1998;33:163—70.
13] Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty
muscle degeneration in cuff ruptures: pre- and postopera-
tive evaluation by CT scan. Clin Orthop Relat Res 1994;304:
78—83.
14] Warner JJ, Allen AA, Gerber C. Diagnosis and management of
subscapularis tears. Tech Orthop 1994;9(2):116—25.
15] Bennett WF. Arthroscopic repair of isolated subscapularis tears:
a prospective cohort with 2- to 4-year follow-up. Arthroscopy
2003;19(2):131—43.
16] Barth JR, Burkhart SS, De Beer JF. The bear-hug test: a new and
sensitive test for diagnosing a subscapularis tear. Arthroscopy
2006;22(10):1076—84.
17] Ide J, Tokiyoshi A, Hirose J, Mizuta H. An anatomic study of
the subscapularis insertion to the humerus: the subscapularis
footprint. Arthroscopy 2008;24(7):749—53.
18] Richards DP, Burkhart SS, Tehrany AM, Wirth MA. The subscapu-
laris footprint: an anatomic description of its insertion site.
Arthroscopy 2007;23(3):251—4.
19] Arai R, Sugaya H, Mochizuki T, Nimura A, Moriishi J, Akita K.
Subscapularis tendon tear: an anatomic and clinical investiga-
tion. Arthroscopy 2008;24(9):997—1004.
20] Jost B, Koch PP, Gerber C. Anatomy and functional aspects
of the rotator interval. J Shoulder Elbow Surg 2000;9(4):
336—41.
21] Lo IKY, Burkhart SS. The comma sign: an arthroscopic guide
to the torn subscapularis tendon. Arthroscopy 2003;19(3):
334—7.
22] Lo IK, Parten PM, Burkhart SS. Combined subcoracoid and
subacromial impingement in association with anterosuperior
rotator cuff tears: an arthroscopic approach. Arthroscopy
2003;19(10):1068—78.
23] Richards DP, Burkhart SS, Campbell SE. Relation between
narrowed coracohumeral distance and subscapularis tears.
Arthroscopy 2005;21(10):1223—8.
24] Edwards TB, Walch G, Sirveaux F, Molé D, Nove-Josserand L,
Boulahia A, et al. Repairs of tears of the subscapularis. J Bone
Joint Surg Am 2005;87(4):725—30.
25] Lucas RM, Iyengar JJ, Ma CB, Feeley BT. Management of sub-
scapularis tears. Tech Shoulder Elbow Surg 2012;13(2):90—100.
26] Denard PJ, Lädermann A, Burkhart SS. Double-row ﬁxation
of upper subscapularis tears with a single suture anchor.
Arthroscopy 2011;27(8):1142—9.
27] Bennett WF. Visualization of the anatomy of rotator interval
and biceps sheath. Arthroscopy 2001;17(1):107—11.28] Edwards TB, Walch G, Nové-Josserand L, Boulahia A, Ney-
ton L, O’Connor DP, et al. Arthroscopic debridement in the
















29] Gerber C, Hersche O, Farron A. Isolated rupture of the sub-
scapularis tendon: results of operative repair. J Bone J Surg
Am 1996;78(7):1015—23.
30] Kim SH, Oh I, Park JS, Shin SK, Jeong WK. Intra-articular repair
of an isolated partial articular-surface tear of the subscapularis
tendon. Am J Sports Med 2005;33(12):1825—30.
31] Lafosse L, Lanz U, Saintmard B, Campens C. Arthroscopic repair
of subscapularis tear: surgical technique and results. Orthop
Traumatol Surg Res 2010;96:S99—108.
32] Gerber C, Krushell RJ. Isolated rupture of the tendon of the
subscapularis muscle: clinical features in 16 cases. J Bone Joint
Surg Br 1991;73:389—94.
33] Nové-Josserand L, Levigne C, Noël E, Walch G. Isolated lesions
of the subscapularis muscle. A propos of 21 cases. Rev Chir
Orthop 1994;80(7):595—601.
34] Walch G, Boulahia A, Ascani C, Nove-Josserand L. Ruptures
associées du supraspinatus et du subscapularis. Rev Chir Orthop
1999;85:119—25 [In French].
35] Fox JA, Noerdlinger MA, Romeo AA. Arthroscopic subscapularis
repair. Tech Shoulder Elbow Surg 2003;4(4):154—68.36] Kreuz PC, Remiger A, Erggelet C, Hinterwimmer S,
Niemeyer P, Gächter A. Isolated and combined tears of
the subscapularis tendon. Am J Sports Med 2005;33(12):
1831—7.
[B.  Toussaint  et  al.
37] Kreuz PC, Remiger A, Lahm A, Herget G, Gächter A. Comparison
of total and partial traumatic tears of the subscapularis tendon.
J Bone Joint Surg Br 2005;87(3):348—51.
38] Flury MP, John M, Goldhahn J, Schwyzer HK, Simmen BR. Rup-
ture of the subscapularis tendon (isolated or in combination
with supraspinatus tear): when is a repair indicated? J Shoulder
Elbow Surg 2006;15(6):659—61.
39] Adams CR, Schoolﬁeld JD, Burkhart SS. The results of
arthroscopic subscapularis tendon repairs. Arthroscopy
2008;24(12):1381—9.
40] Bartl C, Scheibel M, Magosch P, Lichtenberg S, Habermeyer P.
Open repair of isolated traumatic subscapularis tendon tears.
Am J Sports Med 2011;39(3):490—6.
41] Bartl C, Salzmann GM, Seppel G, Eichhorn S, Holzapfel K,
Wörtler K, et al. Subscapularis function and structural integrity
after arthroscopic repair of isolated subscapularis tears. Am J
Sports Med 2011;39(6):1255—62.
42] Nové-Josserand L, Hardy MB, Ogassawara RLN, Carrillon Y,
Godenèche A. Clinical and structural results of arthroscopic
repair of isolated subscapularis tear. J Bone Joint Surg Am
2012;94:e125 [1—6].
43] Denard PJ, Laëdermann A, Burkhart SS. Arthroscopic man-
agement of subscapularis tears. Sports Med Arthrosc Rev
2011;19(4):333—41.
